Twelve couples (12 women and their male partners) presenting genital warts were investigated in order to evaluate the sexual transmission of human papillomavirus (HPV) in mutual partners and the localization of HPV DNA. Formalin-fixed, paraffin-embedded biopsy samples of 12 vulvar Condylomata, and 12 penile cndylomata from male partners were analyzed for the presence of HPV DNA-6, -11, and 16/18 by using in situ hybridization with digoxygenin labeled DNA probes. HPV DNA was identified in 9 women (75%) and in 9 men (75%). HPV-6 was frequently identified, being revealed in 42% of the vulvar speciemens, in 67% of the cervical specimens and 58% of the penile specimens. Seven of 9 (77%) positive couples shared the same HPV DNA, and 2 couples harbored different HPV DNA types between the partners. The signal intensity of the HPV DNA was generally strong in superficial cell layers, weak in parabasal or basal cell layers. No malignant lesions resulted from the condyloma acuminatum caused by HPV-6 or -11. There were only mild dysplasia in the both sexes.
1987; Barrasso et al. 1988 ; Zderic et al. 1989 ).
In our STD clinic, 58% of the male sexual partners of the women with the vulvar condylomata had penile condylomata. Penile condylomata occurred more frequently in the male partners of women with than without CIN (Tase et al. 1988 ). Campion et al. (1985) also reported that 76% of women with only one sexual partner who had penile condyloma had similar genital warts, and HPV DNA was detected in 77% of the women with both condylomata and CIN.
HPV infection was confirmed by detecting viral particles by electron microscopy (Della Torre et al. 1978; Laverty et al. 1978 ) and by identifying papillomavirus antigens (strucrural protein) by immunohistochemistrical techniques (peroxidase-antiperoxidase method) (Woodruff et al. 1980 ; Kurman et al. 1981) .
Recently, the development of molecular biology methods has provided a means of detecting HPV DNA in the genital tract (Zachow et al. 1982 ; Okagaki et al. 1983 ). We also reported that Southern blot hybridization is more sensitive than immunohistochemistry or electron microscopy (Sato et al. 1987) , and in situ hybridization is a particularly powerful technique for analyzing the localization of HPV DNA in paraffin-embedded tissues of cervical and vulvar lesions (Tase et al. 1988; Sato et al. 1989 ).
This was a study of women with genital warts and their male partners with regard to the relationship of the HPV type and the localization of HPV DNA using in situ hybridization with digoxygenin labeled DNA probes.
MATERIALS AND METHODS
Formalin-fixed, paraffin-embedded biopsy samples from 12 couples presenting with genital warts (female vulvar and cervical condylomata and penile condylomata from male partners) from 1985 to 1988 in the STD clinic of the hospital of Tohoku University School of Medicene. These samples were confirmed by histological diagnosis, and then were subjected to this study using in situ DNA hybridization. Of 12 women with vulvar condylomata, 6 also had cervical flat condylomata. We performed this study accoring to the modified method of the previous reports Tase et al. 1988 ). Molecularly-cloned HPV-6, -11, -16 and 18 DNA were excised with restriction enzyme from their plasmid vectors (pBR322). HPV DNA probes were prepared using a Nonradioactive DNA Labeling and Detection Kit (Boehriger Mannheim Biochemical, Mannheim, FRG). The DNA probes were labeled by random primed incorporation of digoxygenin-labeled deoxyuridine-triphosphate (dUTP). The dUTP was linked via a space-arm to the steroid hapten-digoxygenin. Labeled DNA probes were examined for specificity and sensitivity by dot blot hybridization before in situ hybridization. After hybridization to the target DNA, hybridization were detected by enzyme-linked immunoassay using an antibody-conjugate (antidigoxygenin alkaline phoshatase conjugate) and subsequent enzymecatalyzed color reaction with BCIP (5-bromo-4-chloro-3-iodolylphosphate) and NBT (Nitroblue tetrazolium).
Initially tissue samples were fixed in buffered 10% formalin and embedded in paraffin for routine histological examination. Paraffin blocks were cut into 5 pm sections and mounted on Denhardt's treated and acetyl.ated microscopic slides. Following deparaffinization with xylene and ethanol dehydration, sections were treated subsequently with 0.2 N HC1(30 min), triethanolamine hydrochloride solution (0.153 M, pH 7.4, 15 min), 3 X SSC (30 min, 68°C), digitonin (0.05%, pH 7.4, 5 min), distilled water, proteinase K (10 p g/ml, 15 min, 37°C), ethanol dehydration and RNase A (100 p g/ml) and RNase T 1 (10 ,units/ml, 60 min, 37°C). After refixation with 5% paraformaldehyde (2 hr), the sections were washed in 2 X SSC, dipped in water and dehydrated with graded ethanol.
The sections were hybridized using HPV-6,11 and 16/18 probes. Hybridization solution contained 50% formamide, 10% dextran sulfate, 0.06 ng/pl of digoxygenin-dUTP labeled HPV DNA probes. The hybridization solution was pipetted onto the sections, which were denatured, then quenched on ice. The slides were hybridized overnight (37°C). The sections were subsequently washed under stringent conditions, twice in 6 X SSC, 45% formamide (15 min, 37°C), twice in 2 X SSC (5 min, room temperature) and twice in 0.2 x SSC (15 min, 45°C). The slides were immersed in 1% blocking reagent (quality checked skim milk, 30 min), and washed in Tris-HC1 saline buffer. The anti-digoxygenin conjugated to alkaline phosphatase (1: 5000) was spotted on the sections, then unbound anticonjugate was removed with Tris-HC1 saline. After the color solution containing NBT and BCIP was added on the slides, the slides were placed in a moistured plastic boxes for 6 hr. Then the slides were washed with Tris-HC1 to stop the color reaction. The slides were examined by light microscopy for the presence of purplish blue color grains of HPV DNA over the nuclei. However, post-hybridization wash was performed under stringent conditions, the cross hybybridization due to homology of sequences between HPV-6 and 11 could not be avoided completely. We identified HPV DNA types by judgment of signal intensity over the nuclei. Negative controles were obtained using pBR 322 probes and endometrial tissues known to be HPV DNA negative.
Chemicals used were as follows : Nonradioactive DNA Labeling and Detection Kit (Boehringer Mannheim Biochemical), triethanolamine hydrochloride (Sigma, St. Louis, M0, USA), digitonin (Sigma), proteinase K (Boehiringer Mannheim Biochemical), RNase A (Sigma), and RNase T1 (Worthington Biochemical, Freehold, NJ, USA).
RESULTS
We examined specimens for 12 couples (12 women and their 12 male partners). HPV DNA was detected in 9 (75%) women and in 9 (75%) male partners. HPV-6 was identified in 5 of 12 (42%) vulvar condylomata, in 4 of 6 (67%) cervical condylomata and in 7 of 12 (58%) penile condylomata, and HPV-11 was identified in 2 of 12 (17%) vulvar and 2 of 12 (17%) penile condylomata. HPV-16/18 was identified in 1 of 12 (8%) vulvar condylomata and 1 of 6 (17%) cervical condylomata. Seven of 9 (78%) HPV-positive couples shared the same HPV DNA type. Two couples showed different HPV types between partners (Fig. 1) . Most grains of HPV DNA were present in the koilocytotic cells, but also in other areas, in which the cells necessarily presented koilocytotic. By dot blot hybridization using digoxygenin labeled probes, 1 pg of HPV-6,11,16 and 18 DNA was detected under stringent condition (5 x SSC twice, 2 x SSC twice and 0.1 x SSC twice). The subjects were also examined for cytodiagnosis and histodiagnosis (Table  4) . Three of 12 (25%) females were in class IIIA on cytodiagnosis of the cervix, while none of the male subjects showed any dysplastic change on urinary cytodiagnosis. Histodiagnosis revealed mild dysplasia in 3 of 12 (25%) cervical specimens, 2 of 12 (17%) vulvar spcimens and 2 of 12 (17%) penile specimes. Any cases had not progressed to malignant lesions during follow-up for 2 to 5 years.
DISCUSSION
With conventional colorimetric in situ hybridization using biotinilated probes, HPV DNA below 50-100 copies per cell could not be detected. Recently, however, Heiles et al. (1988) reported that HPV DNA was detected with high sensitivity in SiHa cells (HPV-16 DNA 2-3 per cell) and HeLa cells (HPV-18 DNA 40-200 per cell) using in situ hybridization with digoxygenin labeled DNA probes. DNA detection assay using digoxygenin could be carried out in a routine ridization. Original   TABLE 4 . Cytodiagnosis of cervix and histod iagnosis of cervix, vulva and penis laboratory. Additionally, the entire course of detection with in situ hybridization using digoxygenin labeled probes instead of tritium labeled probes could be reduced to 3 days, while it took about 1 month for results to be obtained by autoradiography using tritium (Tase et al. 1988 ). Since non-specific color devolopment in the interstitial areas other than the squamous epithelium could not be blocked completely in spite of post-hybridization wash under stringent condition, it is necessary to study further reaction time, blocking reagent which was a 1% skim milk and so on in order to suppress the background. The incidence of condyloma has tended to increase among patients, in particular young patients, with STD in recent years (Okagaki 1984) . In the STD clinic of our department, female patients diagnosed clinically as having condyloma are subjected to examination of the vulva, vagina and cervix, and to biopsy for histodiagnosis, followed by treatment using CO2 Laser. On another day, their sexual partners are also called to examin and treat together (Tase et al. 1986 ). Kurman et al. (1981) detected papillomavirus antigens in 50% of condyloma and dysplastic lesions by using immunohistochemistry with bovine papillomavirus antigen. The present method, which detected HPV DNA in 75% of the condyloma tissues, allowed more frequent detection of HPV infection than using an immunohistochemical method. HPV DNA was detected in 9 of 12 (75%) couples and 7 of 9 (78%) positive couples shared the same type of HPV. The results confirmed that HPV infection was sexually transmitted in most cases. Inconsistent of HPV types in either vulva, cervix or penis of two couples indicated the occurrence of mixed infections. Yoshikawa et al. (1985) examined condylomata in 60 Japanese women by Southern blot hybridization, and detected HPV DNA in 92% of them (HPV-6a in 55%, HPV-6c in 24% and HPV-llc in 21%). Sakuma et al. (1988) detected HPV DNA in 91% of 35 anogenital condylomata in Japanese men (HPV-6a in 40%, HPV-6c in 6%, HPV-lla in 37% and HPV-16/18 in 0%). The distribution of detected HPV types in their investigations was similar to our result. There ware 25% HPV-undetectable condylomata in this study, the reasons were thought to be lower sensitivity of in situ hybridization than Southern blot hybridization and occurrence of condyloma caused by other unknown HPV types.
Although some investigators (Syrj anen 1986; Schneider et al. 1987 ) reported that the condylomatous lesions with HPV-1.6 or 18 occasionally become malignant, common condyloma caused by HPV-6 or 11 seemed seldem not to be malignant.
According to Barrasso et al. (1988) who investigated HPV infection in 50 married couples with only one partner, the HPV DNA type was consistent in 32% and inconsistent in 32%, and in the remaining 36%, one of the partners was negative for HPV. Most of the tissues in which HPV-6 or 11 was detected showed condyloma with only slight histological changes as well as mild dysplasia. In the couples in whom HPV-16,18, 31, 33 or 35 was detected, HPV infections were related to intraepithelial neoplasia. Our results also suggest that there is no relationship between malignant transformation and condyloma caused by HPV-6 or 11. No cases of condylomata in the study have become carcinoma, but careful follow-up is necessary for the cases of HPV-16/18 positive.
